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Magnetic systems with irrever sihie charactmstics and a method of manufacturing and 
repairing and operating such systems. 



FIEUD OF THE INYENTION 

The present invention is reiated to the field of magnetic devices. More in 
particular, a magnetic data storage system and a simsing system of magnetic characteristics, 
the systems having a magnetization direction that is irreversible in an extranal magnetic field, 
5 are disclosed. A method of manufacturing, a method of resetting or changing or repairing 
and a method of operating such systems are also disclosed, 

BACKGROUND OF THE INVENTION 

Ma^etic devices are known in the art. Spin-valve stmchMss such as Giant 

10 Magneto Resistance (GMR) and Spin-tunnel Magneto Resistance (1MR) devices recently 
have been extensively studied and were subject of a vast number of disclosures, GMR- and 
TMR 'devices comprise as a basic building stack two ferromagnetic layers separated by a 
separation layer of anon-magnetic material. This structure in the sequel is referred to as the 
basic GMR- or TMR~stack of the magnetic device, or is referred to as the GMR- or TMR- 

15 structwe. Such structuix; has magneto resistance characteristics and shows the GMR- or 
TMR-effect. Hie separation layer is a non-fenomagnetic metallic layer for OMR-devices, 
and is a non-metalltc, preferably insulating, layer for TMR-devices. Over the separation 
layer, there is a magnetic coupling between the two ferromagnetic layers, lite insulating 
layer in the TMR-devices allows for a significant probability for quantum mechanical 

20 tunneling of electrons between the two ferromagnetic layeis. Of the two ferromagnetic 
layers, on^ is a so-called feec layer> and one is a so-called pinned or hard layer. The free 
layer is a layer whose magnetization direction can be changed by appiied magnetic fields 
with a strength lower, preferably substantially lower, than the strength of the field required 
for changing the magnetixation direction of the pinned layer. Thus the pinned layer has a 

25 preferred, rather fixed magnetisation direction, vi'hereas tl^e magjietixation direction of the 
free layer can be changed quite easily under an external applied field. 

■Rie hard layer can «msist of a haad magnetic material or of a relatively soft 
magnetic material pinned by exchanged biasing to an Anti-FefTOtnagnetic (AF) layer, or it 
can consist of an Attificial-Anti-Fermmagnet (AAP) consisting of two or more magnetic 
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layers coupled in an anti-paralid direction by an appropriate inteimedjate non-magnetic 
coupltBg layer. The AAF can be biased by an AF layer to make it even mom rigid and to 
define a singic-valsied magnetization direction of the AAF. 

A Changs of tlie magiietizatioi^ of the free layer changes the resistance of the 
5 TMR- or GSi,4R~device. This results in the so-called magneto resistance effect or GMR/TMR 
effect of these devices. Hie electrical resistance of the TMR- or GMR-device chants in a 
pnedictable manner in response to a varying magnetic fidld, making the devices suitable for 
use as magnetic-elecaical transducets in a sensing system of a magnetic field. The 
characteristics of these magnetic devices oar systems can be exploited in dKfferent ways. For 

1 0 example a spin valve read-out element utiii mg the GMR-effect can be used for advanced 
haid disk this film Jcad heads. Also stand-alone magnetic memory systems <MRAMs) or 
non-voiatile embedded memory sjwtems can be made based on the GMR- or TMR-devices. 
A further application is a sensor device or sj^tem fox magnetic characteristics. Such sensing 
systems are used for example in aati-iocfc braiding (ABS) systems or otha- aatomotive 

15 applications. 

It is often required in a nomber of applications to clearly distinguish between 
the response of the sensor system (resistance changes) due to (varying) magnetic field and the 
response of the sensing system (resistance changes) due to environmental factors such m 
temperature variations. One approach in solving this problem consists in ccwmecting a 

20 number of GMR- or TNKl-devic^ in a Wheat^one bridge arrangemssat. If a pair of GMR or 
TMR devices can be magnetically biased in such a manner as to have opposite responses (in 
the sense of opposite polarity) to a given magnetic field but not to csher envitonmental 
factors, then sabtractive comparison of the electrical resistances of the two GMR or TMR 
devices will cause cancellation of any unwanted response to sputious environmental factors, 

25 while exposing any response to magnetic field. 

Magnetic field sensing system employing a Wlieatstone bridge in this manner 
are known from the prior art. However, among the sensing system thus known, there sm 
various different approaches when it comes to magnetically biasing the magneto-jresistive 
devices. 

30 For example: in Japanese {mtent application (Kjokai) No. 61-71 1 (A), each of 

the resistive devices in the 'WTjeatstone bridge is magnetically biased in a given direction 
using an appropriatsly poled permanent magnet positioned in the vicinity of that device; 
on the other hand, in an article in Philips Electronic ComptMients and Materials Technical 
PublicatioB 268 (1988) entitled "The magnetoresistive sensor" the individual resistive 
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devices are biased using a so-called "bait>er pole" (a terra generally known and imtestcsod in 
the art, and thus recei ving no further elucidation here). 

The use of biasmg on the basis of permanent magnets as in case (a) above is 
highly unsatisfactory: not only is \ cr\ careti:! tuning of the strength and position of the 

5 permanent magnets required, hut the permanent magnets are themse1ve.s unacceptably 
sensitive lo temperature variations, in addition, the use of pennanem magnets necessarily 
makes any such biased magnetic iidd sscnsoi balky, and xels a limit on the attainable degree 
of miniaturization. On the other hand, wh-Je the hias>tng method in ease (b; may be suitable 
for resistive devices demonstrating the so-called Anisotropic Magneto-Resistive < AN'IR) 

10 effect, it cannot be employed in conjunction with resi^ve devices demonstrating the GMR or 
TMR effect. 

In the prior ait document J. Daughton, L Brown, E. Chen, R, Beech, A. Pobin 
and W. Kude, "Magnetic field sensors using GMR multiiayer", IEEE Trans. Magn. 30, 4608 
(1994), two {of the four) bridge elements are magnetically shielded, the shields may be used 

15 as flux concentrators for the two sensitive device. 

Freitas m "Giant magnetoresistive sensors for rotational speed control", J. 
Appl. Phys. 85, 5459 (1999) suggests that two (of the four) bridge devices ane "inactivated" 
by dt^KJSiting them on a roughened pan of the substrate. 

Another approach devolves on integrating an isolated conductor below or over 

20 the sensor elements (consisting of exchange-biased spin valves) to induce a magnetic field 
that "sets" the exchmige-biasing direction of the device in opposite directions, while the 
devices am heated above the blocking temperature of ifae exchange-biding m^iial R. 
Coehoom and GX'A van de Walle, *'A magnetic field sensor, an instrument comprising such 
a sensor and a method of manufacturing sudi a sensor", patent application EP 95913296,0, 

25 now granted, and J.K. Spong, V.S.Speiiosu, R.E. Fontana Jr., MM. Dovek and TX, Hylton, 
"Giant and ma^etoresistive spin valve bridge sensor", I^E Trtms. Mag?i32, 366 (1996); 
M.M, Dovek, R,E. Fontana Jf„ V,S. Speriosu and J.IC. Spong, 'bridge circuit isa^tic field 
sensor having spin valve magnetoresistive elements formed on comemon substrate", US-P 
5,561,368, A comparable method with an integrated conductor has been proposed for 

30 elements based on an Artificial Antiferromagnet (AAF) by W, Schelter and H. van den Berg 
in "Magnetfeldsensor mit einer Briickenschaltung von magnetoresisdven 
Bruckeneicmenten", DB 19520206 (01.06.95) , 

In the patent appHcatioa WO 9638738-Al "Magnetoresistive thin-film 
elements-uses adjustment current at high temp, to regulate magnetization distribution of bias 
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layer of settsor elements arranged in bridge circuit, m\d includes cooling body" (Gor) it is 
suggested than in the factor)' the magnetizations are set m opposite directiOBs In different 
braaches of the bridges by exposing a wafer wiili sensor structm-es to an extenml magnetic 
field that is induced by a kind of "stamp" comprising a pattern of cunent cairying conductors 
5 which is brought in the vicinity of the wafer. 

These prior art solutions am rather complicated md require quite some effort 
in pi^tice. M<H«over, the possibilities disclosed in J, Daughton, J. Brown, E. Chen, R, 
Beech, A. Pohm and W. Kude, "Magnetic fidd sensors using OMR multilayer", IEEE Trans. 
Magn. 30, 4608 (1994), and Freitas "Giant magnetocesistive sensors for rotational speed 

10 control", J, AppL Phys. 85, 5459 (1999) only allow the realization of a half-bridge and 

therefore loose half of the possible output signal or response. The magnetic fields that can be 
realized with the options suggested by R. Coehoom and G.F,A van de Walle, *'A magnetic 
field sensor, an instrument comprising such a sensor aand a raediod of mjmofactaring such a 
sensor" and J.K. Spong, V.S.Speriosu, R.E. Fontana Jr., M.M. Dovek and T.L. Hyilon, 

15 "Giant and magnetoresistive spin valve bridge sensor', IEEE Trans, Magn,32, 366 (1996); 
M.M. Dovek, R.E. Fontana Jr., V.S, Speriosu and J.K. Spong, "Bridge circuit magnetic field 
sensor having spin valve mi^etotesi stive elements foimed on conunon substrate", US-P 
5,561,368 (04. 11.94) and W. Schelter and H. van den Berg in "Magnetfeldsensor mit einer 
Brfickenschaltang von magnetoresistiven BrSckenelementen", DE 19520206 are very limited 

20 in strength, because the currents have to be leiativsly small in the (necessarily narrow and 
fliin) conductors. Further, the options disclosed in J. Daughton, J. Brown, E. Chen, R. Beech, 
A. Pohm and W. Kude, "Magnetic field sensois using GMR multilayer", IEEE Trans, Magn. 
30, 4608 (1994), R. Coehoom and G.F.A van de Walle, "A magnetic field sensor, an 
instrument comprising such a sensor and a method of manufacturing such a sensor" and X,K. 

25 Spong, V.S.Speriosu, R.E. Fontana Jr. , M.M. Dovek and T.L, Hylton, "Giant and 

magnetoresistive spin valve bridge sensor", IEEE Trans. Magn.32, 366 (1996); M.M. Dovek, 
R,E. Fontana Jr., V.S. Speriosu and J.K. Spong, "Bridge circuit magnetic field sensor having 
spin valve magnetoresistive elements formed on common substrate", US-P 5,561,368 
(04.1 1.94) require several extra processing steps (both for patterning and isolation of the 

30 conductors or shields), which makes the sensors mOTC expensive and reduces the fabrication 
yield. If the method su^estcd in the patent application WO 9638738-Al "Ma^etization 
device for magnetoresistiws thin-film elements-uses adjustment cunent at high temp, to 
regulate magnetization distribution of bias layesr of sensor elements arranged in bridge circuit. 



5 

and includes cooling \>o4y is used, the se»sor can be destroyed if expossed to magnetic faeld of 
the same strength (or larger) as the field tised daring setting the magnetizatioa directions. 

In particular for automoti ve applications, but also for read heads, the 
robustness of the sensing system becomes more and more in^j^ant This trend makes setting 

5 of magnetization directions after deposition of the elements more and more difficult. 

In sensing systems that have to operate in relatively large magnetic fields, as required in for 
instance automodve applications, the hard magnetic iayer should be as hard as possible. This 
makes a deSnition of the hard ma^etization direction after deposition less attractive since it 
puts an tippear limit to the "hardness" of the magnetic ref erence layer, otherwise the 

iO magnetization direction of tiiis hiird layer cannot be set. For example, the sensing systems as 
disclosed in WO 96/38740 ai^d WO 96/38738 can not be used in magnetic fields stronger 
than 15 kA/m (18 mX) since this may change Ae direction of the hard magnetic reference 
direction. For automotive ^plications, typically magnetic bias fields of 5-100 mX are used. 

In Wheatstone bridge config»t^on$, it is nee^d that the four devices that 

15 make the Wheatstone bridge are identical and tiierefore preferably are made under a 

unifonn manufacturing condition. This unif<»m manufacturing condition may be a uniform 
deposition condition for all devices of the sensing system but at the end of the manafactaring 
cycle two devices with opposite exchange biasing directions are needed. 

20 SUMMARY OF THE INVENTION 

it is an aim of the present invention to disclose a sensing system for a 
magnetic characteristic and a magnetic data storage system that are robust and that have at 
least one magnetic characteristic that is itxeversible in an external magnetic field. It is 
another aim of the pcesent invention to disclose a sensing system for a magnetic characteristic 

25 that can combine different magn^zation directions within a limited space such as a single 
substrate or a single chip and therefore allows for a further imniamiizaticKS of the seasing 
systems. Also a data storage system is discl<^d that can combine different magnetizati<ai 
directions within a limited space such as a single subs^ate or a single chip and therefoie 
allows for a farther miniatuiization of die sensing systems. It is a further aim of the pisesent 

30 invention to disclose a mediod of manufacturing a sensing system and/or a magnetic data 
storage system of which the magnetisation direction of at least part, of at least one of the 
devices can be set during manufacturing of the system, mid for which the processing is 
simple and tsquires only a limited number or no extra processing steps. It is yet another aim 
of the present invention to disclose a method of manufacturing a sensing system of magnetic 
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characteristics and/or magnetic data storage system that can combine different roagnetization 
directions within a limited space such as a single substrate or a single chip and tiierefore does 
not pose strict limits on miniaturization of the sysiem. 

Several aspects of the invention are summarized herebeiow. The different 

5 asfwcts and erobodimsnts of the invention that are explained in this secdon and throughoot 
the whole specification can be combined as and to the extent the person of skili in the art is 
abie to appreciate. A number of terms that is used in this summary and throughout the 
specification is eitpiained at the end of this section. 

In a first aspect of the present invention a sensing system of a magnetic 

10 characteristic is disclosed. Said system includes a set of magnetic devices in a balancing 
configuraticm and essentially each of said devices comprises a structuns of layers including at 
Jeast a first ferromagnetic layer and a second ferromagnetic layer with at least a sepa-ation 
layer of a non-magnetic material therebetween, said stracture having at least a magneto 
resistance effect, and wherein the magnetization direction of the first ferromagnetic layer of 

15 at least one of said devices is irreversible in an external magnetic fieid with a value higher 
than about 35 kA/m . The value of the externa] magnetic fieid can also be higher than about 
40 or 50 or 60 kA/m. The external magnetic field can also have value in a range of about 35 
kA/m to aboat 2MA/m or even 200 MA/ra. Preferably the first ferromagnetic layer is the 
pinned <»■ hard fcnomagnetic layer. 

20 The fenomagnetic layers of the devices of the sensing system of the invention 

may be composed of several layers and other intermediate layers may be present in the stack 
of layers. In an embodiment of the invention, at least one of the devices of the sensing 
system includes an Artificial AntiFerromagnet (AAF) smicture. An AAF is a magnetic 
multilayer structure tiiat includes altamadng ferromagnetic and non-magnetic layers which 

23 have an exchange coupling that results in an antiparallel orientation of the ferromagnetic 
layers in the absence of an external magnetic field. Such result can be achieved thnough 
appropriately choosing the materials and layer thicknesses of the AAF multilayer stack. Each 
of the ferromapetic layers of the AAF can consist of subsystems of other ferromagnetic 
materials. Tht sensing system can also include an exchange-biased AAF magnetic 

30 multilayer stractane. The exchange-biased AAF can include an exchange biasing layer of 
irMn, FeMn, NiMn, PtMn or NiO type material, said €atchange Wasing layer being adjacent 
to, and in contact with, the AAF-structure. 

In another embodiment of this first aspect of the invention, the sensing system 
can comprise at least four (or even at least two) magnetic devices being positioned in a two 
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by two grouped, preferably at least p^r4ike, configuration with a contact aiea between tibe 
groups (pairs) and with the magnetization diiection of the first ferromagnetic la>'er being 
substantially opposite for the devices of different groups (pairs) and bdng soibstantiaUy 
identical for the devices of the same group (pair). Preferably tfie first ferromagnetic layer is 

5 the pinned or haixi ferromagnetic layer. 

In yet another embodiment of this first aspect of the invention, the sensing 
system can have at least four (or even at ieast two) magnetic de%nces being positioned in a 
grouped, preferably at ieast two by two pair-like configuration, with a first ^otip (pair) of 
devices with substaiitiaily the same magnetisation direction of the first feiTomagnetic layer of 

iO the devices under an angle of about 90 degrees with a second gronp (pair) of devices, the 
second group (pair) of devices having the first fenomagnetic layer with substantially the 
same magnetization direction but un<ter an angle of about 90 degrees with respect to the 
magnetization direction of the first fenomagnetic layer of the first group (pair) of devices, 
and with a contact area. Pieferably the first feiromagnetjc layer is the pinned or hard 

15 feiToma^etic layer. 

In a second aspect of the present invention, a method of manofacturing a 
sensing system of a magnetic characteristic is disclosed The system includes a set of 
magnetic devices in a balancing confSgoiaijon and essentiaUy each of said devices comprises 
a structure of layers including at least a first ferromagnetic layer and a second feiromagnetic 

20 layer with at least a separation layer of a non-magnetic material therebetween, said structure 
having at least a magneto resistance effect. The method comprises the step of heating part of 
the system including at least one of the devices of said set while applying an external 
magnetic field over at least part of said system, the part including said at least one device. 
The part of the system that is heated can partly or completely coincide with the part of the 

25 system that is exposed to said external magnetic field. Thus localized heating of the system in 
an external magnetic field is achieved Prefer^ly the esttemai magnetic field is 
homogeneous over said part. The heating can be achieved by applying a cunent pulse on or 
throng the device. Hie heating can also be adhieved by applying a lasw pulse or a pulse 
from an electron beam or ion beam on or thiou^ the device. Preferably at ieast one of the 

30 devices is heated to a temperature in the range of about 50 to about 800° C, preferably in the 
range of about 300 or 400 or about 600'' C, while said external magnetic field has a value in 
the range of about 35 kA/m or 40 fcA/m or 50 kAim to 200 MA/m, 

Localized heating of only one of the devices of the system in an external 
magnetic field can be achieved or all of the devices of said set can be heated to the same 



s 

temperature or at least two of the devices of the set can be heated to a different tempetatuie 
vaiue. The external ma^etic field directions can also be altemating over at least part of said 
system. By applying this method of the invantion, sensing systems with imiMple biasing 
directicms of the devices in the system can tie achieved. The devices have a themsally and 
5 magnetically robust mateiial stmcture tliat is suited in for example automotive applications. 

The method can be such that after the execution of the steps, the first 
ferromagnetic layer of said at least one device has a magnetization direction that is 
correlated to the direction of said external magnetic field, and preferably being irreversible in 
an external magnetic field hi^er than about 35 kA/m. 

10 In a third aspect of the piesent invention, a method of manufacturing a 

sensing system of a magnetic characteristic is disclosed. The system includes a set of 
magnetic devices in a balancing configuration and essentially each of the devices comprises a 
structure of layers including at least a first ferromagnetic layer and a second ferromagnetic 
layer with at least a separation layer of a non-magnetic material therebetween, said structure 

15 having at least a ma^eto resistance effect- The method comprises the steps of depositing 
said structure of layers of at least one of said devices on a substrate while applying at least 
during a time part of the deposition step an external magnetic field over at least part of said 
substrate. Preferably, tibe extern^ magnetic field has at least one characteristic that is 
position dependent over said substrate. Such characteristic can include the magnitude aitd/or 

20 the magnetization direction of said magnetic field. 

During deposition, the substrate can be held in a deposition holder, said holder 
containing magneac elements for applying said external magnetic field. After the execution 
of the method, the first ferromagnetic layer of said at least one device has a magnetization 
direction that is correlated to the direction of said external magnetic field and the 

25 magnetixatiom dSnection raF this first fenomagnetic layer is irreversible in an external magnetic 
field higlier than about 35 kA/m. While executing the method according to the second aspect 
of the invention, the substrate may also be heated. 

In a foutth aspect of the present invention, a method of manofacturing a 
sensing system of a magnetic characteristic is disclosed. The system includes a set of 

30 magnetic devices in a baimjcing configuration and essenti al 1 y each of said devices 

comprising a stractore of layers including at least a first ferromagnetic layer and a second 
ferromagnetic layer wifii at least a separation layer of a non-magnetic material therebetween, 
said first stmcture having at least a magneto resistance effect. The metliod comprises the 
st&ps of depositing a fim faromagnetic layer of at least a first of the de\'ices of said set 
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while applying a magnetic field to pin the ma^etizatton ditection in the fiist fertiomagaetic 
layer m a first ditectiofi {(he first deposition step) ; md thereafter dqK>siting a first 
ferromagnetic layer of another of the devices of said set while applying a magnetic field to 
pin the magnetization diiection in this first feiroxnagnetic layer in a second direction different 
tiom, preferably opposite to, the magnetization direction in the first ferromagnetic layer of 
the first device (the second deposition step). While executing the method according to the 
fourth aspect of the present invention, magnetic fields of opposing direction can be applied 
doling ihe first and the second deposition siep. The set of magnetic devices in a balancing 
oonfieuraison caii include two ful! Wheatstone bridge arrangements, the magnetization 
directions in corresponding de\ices of the Wheatstone bridges being pinned at different 
angles. 

In a fifth aspect of the pn^nt invention, a deposition holder for a substrate 
for depositing a structure of layers on said substrate is disclosed, said holder containing 
magnetic elenKsnts for applying an external magnetic field over ^ least part of said substrate, 
said external magnetic field having at least one m^etic characteristic that is position 
dependent over said substrate. Said characteristic can include the magnitude and/or the 
magnetization direction of said jnagnetic field. The deposition holder can furdier comprise at 
least one heating element for heating at least part of said substrate while applying said 
external magnetic field over said substrate. Itie deposition holder can also comprise 
ma^etic elements for applying said CKtemai magnetic field. 

In a sixth aspect of the present invention, a method of manufacturing a 
sensing system of a magnetic characteristic is disclosed. The system includes a set of 
magnetic devices in a balancing configuration and essentially each of said devices comprises 
a structure of layers including at least a first ferromagnetic layer and a second ferromagnetic 
layer with M least a separation layer of a non-magnetic material therebetween, said structure 
having at least a magneto resistance effect "nie metiiod comprises the step of depositing a 
first fenxsmagnetic layer of said set of devices, said first ferromagnetic layer being part of an 
AAF-structure, thereafter orienting said fim ferromagnetic layer of said set of devices, and 
thereafter depositing the other layers of the AAF-structore and said second ferroma^etic 
layer and said separation layer of a non-magnetic material. The step of orienting the first 
ferromagnetic layer for example can be done by heating the set of devices in a spatiaiiy 
varying magnetic field. 

In a seventh aspect of the present invention, a metiiod of operating a magnetic 
system is (isciosed, said system including a set of magnetic devices in a balancing 
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configaration and essentialiy each of said devices coinj>rising a stoicture of iayere including 
at least & first feaomagnetic layer and a second ferromagnetic layer with at least a separation 
layer of a non-raagnetic material therebetween, said first stractui^ having at least a magneto 
resistance effect, the method comprising the step of alternating at least one of the magnetic 
5 characteristics of at least one of the devices of said set by heating said at {east one device of 
said set while applying an external ma^etic field over at least part of said system, the part 
including said at ieaist one device. 

Preferably the sj^tem is a sensing system of a magnetic characteristic and 
includes a set of magnetic devices in a balancing configuration, tire system may also be a 

10 read head or a data storage system such as a MRAM memory. 

In an eighth aspect of the present inv^tton, a method of resetting or repairing 
or chan^ng a ma^etic system is disclosed, said system including a set of magnetic devices 
and essentially each of said devices comprising a structure of iayet« including at least a first 
fenomapietic layer and a second ferromagnetic layer with at least a separation layer of a 

1 5 non-magnetic material therebetween, said first structure having at least a magneto resistance 
effect, the method comprising the step of alternating at least one of the magnetic 
characteristjcs of at least one of the devices of said set by heating said at least one device of 
said set while applying an external magnetic field over at least part of said system, the part 
including said at least one device. Preferably the system is a sensing system of a magnetic 

20 characteristic and includes a set of magnetic devices in a balancing configaration. Hie 
system may also be a read head or a data storage system such as a MRAM memory . 

In a ninth aspect of the present invention, a data storage sy^era is disclosed 
that comprises one or more magnetic devices in a ceil configuration and essentJaUy each 
device comprising a structore of layers including at least a first ferromagnetic layer and a 

25 second ferrom^etic iayrar with at least a separation layer of a non-magnetic matmal 

therebetween, said first structure having at least a magneto resistance effect, and wherein the 
magnetization direction of the fim ferromagnetic layer of at least one of said devices is 
iireversible in an externa! magnetic field higher than about 35 kA/m. The external ma^etic 
field can also be higher than about 40 or 50 or 60kA/m. The ext^al magnetic field can also 

30 be in range of about 35 kA/m to about 200 MA/m. 

The sensing system of the invention can be a magnetic sensor device car a 
magnetic read-head sach as a GMR thin film head for hard disks or any such system 
including a magnetic device and signal processing electronics for pn;M:es$ing the signal of the 
magnetic characteristic or a measure or derivate thereof. Hie devices of the sensing system 
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and the data storage system of the invention can be made in a multilayer configuration 
building further on the basic OMR- ot TMR-stack of the device. Therefore at least pait of 
the system is manufacturable withwit significantly changing a standard pixjctucfion process to 
thereby make at least part of the sj^tem at a low cost It is possible in an embodiment of the 

5 invention to integrate the whole sensing system and/or the data storage system of the 

invention on an Alsimag {a mixture of oxides) slider or on one semiconductor (silicon) chip 
with the multilayer configuration being grown or deposited on the chip. The multilayer 
configumtion can be grown or deposited on the chip in the fmnt-end or in the back-end of the 
process for making fJhe chip. In the back-end process a pajt of the cinp is planaiized and the 

10 muitiiayer configuration is deposited or grown thereon. Appropriate connectioiis by bonding 
or via structures are made in order to transfer the sigiwis of the muitiiayer configuration to 
the part of the chip containing the signal processing logic. In the front-end process, the 
multilayer configuration is directly integrated on the semiconductor (silicon). The sensing 
system of the invention can also be an integrated circuit with a memory funcdotiality md m 

15 integrated sensing system or an ASIC with an embedded non-volatile magnetic memoiy 
element and a sensing system or a chipciad witti a sensing system or any such sensing 
system. The set of structures of the sensing system of the invention can be made in a 
multilayer configm-ation building further on the basic GMR- or TMR-stack of the system. 
The layers of the devices of the systems of the invention can be deposited by Molecular 

20 Beam Epitaxy or MOCVD or sputter deposition or any such technique known to the person 
of skill in the art. 

It is aiso possible to apply part of, or the whole of the teaching of the 
invention, to a single magnetic device or a set of magnetic devices that is not in a balancing 
configuration. Thus the second aspect of the invention for example can be described as a 

25 method of roanufactoring magnetic device^ and the device comprising a stnicture of layers 
that inciudas at least a first feiTomagnctic layer and a second ferroma^etic layer with at least 
a separation layer of a non-ma^etic material theisbetween, said strocturc having at lea^ a 
magneto resistance effect. The method comprises the step of heating said device while 
applying an external magnetic field over said device. The heating can be achieved by 

30 applying a current pulse on or through the device. Preferably, the device or at least one of the 
devices of the set is heated to a temperature in the range of 50 to S00° C, prefer^ly in the 
range of 100 to about 300 or 400 or 600'' C while said externai magnetic field can have a 
vaitie in the range of about 35 kA/m or 40 kAM or 50 k A/m to 200 MA/m. 
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A number of tenBS that is introduced hereabove and that is used in the sequel, 
can be described as follows, completing the uaderstanding by the person of skill in the art of 
these tenBS. 

The term that the magnetization direction of a magnetic device is Irreversible 
5 in an extemaJ magnetic field means that the magnecization direction may be changed under 
the influence of an external field, but once flie external field is switched off, tfie 
magnetization diiection is taJdng substantially its original position frcm before the external 
field was applied. The niagnettzation ditectioR may also remain substantially nnchaaged 
while exposed to the external field. Thus the possible change of the magneJization direction 
10 is revensifale. This irreversible characteristic is visible while evahiating the device at mom 
tempemture and for evaluation times that are of the order of one noinute or some minutes. 

A set of magnetic devices ttiat is in a balancing configuration means that the 
configuration is such that in the response of the system timt is made out of the devices, one 
can clearly distinguish between the response or resistance changes due to (varying) magnetic 
15 field and the sensor response or resistance changes due to environmental factors such as 

temperature variations. One approach in configuring such balancing configuratjon consists in 
connecting a number of OMR- or T&fiR-devices in a Wheatstone-biidge configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Rgure X shows how a magnetic sensing system in a Wheatstone bridge 

configuration according to a best mode embodimeatit of the invention can be achieved. Figure 
la and figure lb show how the subsequent steps of orienting the devices 1 and 4 of the 
Wheatstone bridge and subsequently oppositely orienting tfie devices 2 and 3 can be 
achieved. 

25 Figure 2 shows mcasuremeKJts on a sensing system with magnetic (fcvices that 

have opposite exchange-biasing directions and that are manufactured on the same substrate 
using tlie metlwd of the invention as shown in figure 1 . The measurements show the 
feasibility of the invention ; the reversal of 2 times 2 GJv'IR-devices in a fuli-bridge 
configuration is shown. 

30 Figure 3 shows schematically and in top view part of a device ma<te. in 

accordance witit a method of the invention. 

Figure 4 shows a Wheatstone tsndge arrangement having a magnetic device in 
accordance witfi the ioventicm. 

Hgare 5 shows a simplified view of a part of a magnetoresistive se«sor device. 
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Figure 6 shows a simplified view of an aixan^ment comprising two 
Wheamcme bridge anangements in which the magnetization direction in con^spondtng 
device are under an angle of 90 

Hgute 7 shows a simplified view of parts of two magnetore&istive devices, 
stacked on top of each other. 

Figure 8 shows the layout of a sensing system according to art embodiment of 
the invention with a comm. area inbetween the devices of the system. 

Figure 9 shows an alternate embodiment of a sensing system according the 
invention with a contact area inbetween the devices of the system. 

Figui-e 10 shows a compact double OMR -based Wheatstone bridge for a full 
360 degrees angle sensing system according to another embodiment the invention with four 
magnetic devices being positioned in a two by two grouped pair-Iiii» configuration, with a 
first pair of devices with substantially the same magnetization direaion of the fast 
fenomagnetic layer of the devices under an angle of about 90 degrees vwth a second pair of 
devices, the second pair of devices having the first fermmagnetic layer with subsmtially die 
same magnetization direction but under an angle of about 90 degrees with respect to the 
magnetization direction of the fimt fermmagnetic layer of the first pair of devices. 

Figure 1 1 shows an embodiment with a 3x4 matrix configuration of compact 
double Wheatstone bridges for a full 360 degrees angle embodiment of the sensing system of 
the invention. 

Figure 12a and 1.2b show a deposition holder for a substrate for depositing 
magnetic devices on said substrate, said holder containing magnetic elements for applying an 
external magnetic field over at least part of said substrate, said external magnetic field having 
in said part at least one ma^etic characteristic that is position d^>endent over said substrate, 
ft is shown that the holder contains magnetic element for applying said external magnetic 
field. 

Hgure 13 shows a top-view md a side-view of a deposition hoid<^ fw a 
Sttl^trate for dep<^iting magnetic devices on said sabstmte. The deposition holder is suited 
for depositing a double OMR Wheatstone bridge. 

DETAIiBD DESCRIPTION OF THE INW.NTION 

For the purpose of teaching of the invention, preferred embodiments of the 
methods and of manufacturing systems of the in vention are described in the sequel. In 
particular, embodiments of the invention of devices with a mapietic multilayer configuration 
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based on a basic OMR- or TMR-stack are disclosed. These multikyer configurations can be 
integrated in the systems of the invention according to techniques imown to the iietson of 
sidil in the art. It is for example possible in an embodiment of the invention to integrate tte 
whole sensing or data storage sj^tem of the invention on one semiconductor (siitcon) chip 

5 with the rnultiJayer configuration being grovvts or deposited on tlie chip. The multilayer 

configuration can be grown or deposited on the chip in the front-end or in the back-end of the 
process for making the chip. In the back-end process a part of the chip is planarized and the 
multilayer configuration is deposited or grown thereon. Appropriate connections by bonding 
or via structufes ane ntade in order to transfer the signals of the muMIayer configuration to 

10 the part of the chip containing the signal processing logic. It will be appaient to the person 
skiiled in the ait that other alteniative and equivalent embodimente of the invention can be 
conceived and reduced to practice without departing form the true spirit of the invention, the 
scope of the invemion being limited only by the appended claims. 

A system of the Invention can be manufactured according to a method of 

1 5 mannf actuiing of the second aspect of the invention. In the second aspect of tlie present 
invention, a method of manufacturing a sensing system of a magnetic characteristic is 
disclosed. The system includes a set of magnetic devices in a balancing configuration and 
essentially each of said devices comprises a structure of layers incinding at least a first 
ferromagnetic layer and a second ferromagnetic layer with at least a separation layer of a 

20 non-magnetic material therebetween, s»d smicture having at least a magneto resistance 

effect. The method compiises the step of heating at least one of the devices of said set while 
applying an external magnetic field over at least part of said system, the part including said at 
least one device. Thus localized heating of th& system in an external ma^etic £teld is 
achieved. The heating can be achieved by applying a current pulse on or through the device. 

25 Preferably at least one of the devi<xs is heated to a temperature in the range of 50 to 800* C, 
preferably in the range of 100 to about 300 or 400 or 600° C while said external m^etic 
field has a value in the range of about 35 kA/m or 40 kA/m or 50 kA/m to 200 MA/m. in the 
embodiment that is disclosed in the sequel, after the execution of the steps, the fust 
fenomagnetic layer of said at least one device has a ma^etization directiDn that is 

30 coneiated to the direction of said external magnctiic field, and is incversible in an external 
magnetic field higher than about 50 kA/m. 

Figure 1 shows how a magnetic sensing sysimi in a WheaJstone bridge 
configumtion according to a best mode embodiment of the invemion can be achieved. The 
whole sensing system (10) comprising four magnetic devices (1-4) in a Wheatstone bridge 
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coftfigiiration is brought in an extesnal magnetic field (indicated by the vertical airows (5) ) 
aad is electrically connected as itidicated in figate la. The curved arrows on the figure 
indicate where the carrent pulses to achieve local heating of the devices will flow. An 
external field with a magnitude of abcmt 200 kA/m is applied. The magnetic de\<ices consist 
5 of a mulliJayer conftguration that is made by sputter deposition. The multilayer configuration 
is deposited on a substrate of silicon and comprises subsequeMy : 

- a buffer layer to induce ti^e right material structure ((1 11) texture, in this case) in the 
multilayer ; in this case the buffer layer is a stack of 3,5 nm Ta/2.0 nm NisoFeje ; 

- a first structure contairang : 

10 - a layer structure consisting of an exchange-bis^ed AAF, in this case 10.0 nm 

lri9Mns}/4.5 nro Co§j>Fey)/0.8 nm Ru/4.0 nm CogoFcje : the CoFe/Ru/CoFfe stack is used as 
the first ferromagnetic layer (the pinned layer) ; 

kisMnsi (the exchange biasing layer) has been chosen as the cxchan^ biasing 
miEdKrial because of its high blocking temperature (around 560 K) for a good temperahiiS! 
15 stability ; the use of an AAF as pinned layer provides an excellent magnetic staHiity because 
of its veiy small nett magnetization, resulting in a great rigitfity ; 
~ a sepaiadtion layer of 3,0 nm Cu ; 

- a free layer (the second ferroma^etic layer) of 0.8 nm Co^&Feic/S.S nm 
Niscf'eio/O.S nm Co9oFeio (the thin CosoFeto layers enhance the OMR ratio and limit 

20 interlayer diffusion, thereby improving the thermal stability) ; 
and the multilayer configuraiion further comprises : 

- a high-resisrive inetaJiic layer of 2.5 ran Ta ; 

- a second stmcwrc comprising 

- a seccsad pinn«I iayea- consisting of 4,0 mn Co^oFeio exchange-biased with 
25 10.0 nm kitiMnsi ; 

and finally 

- a cap layer of 10,0 nm Ta for pnHecUon. 

The cunem pulses to achieve local heating of the devices preferably are such 
that tine uesulting heat dissipation heats the device above the blocking temperatare. Only this 
30 part of the sensing system which is heated above the blocking temperature will permfflnently 
attain fee direction of the extemai magnetic field. If all bridge devices am originally oriented 
in the opposite direction (during deposition), this single setting step may be sufficient to 
realize a full-bridge configmation. If desired, however, the heating procedure can be 
repeated. This setting procedure can be repeated with different field directions as oftm as 
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desired. This enables, for example, in an elegant way to make two Wheatstonc bridges which 
are mutually rotated over 90 » on a single substrate; this is desired for a OMR angle sensor 
with a 360 "range. 

Figm^ 2 shows laeasiirements on a sensing system mtb magnetic devices that 
have opposite exchange-biasing directions md that aie manufacftired on the same substrate 
using this method. The dashed Ones show the vokage output of a OMR Wheatstonc bridge 
prior to the appHcation of the method. The solid line shows the output after both pairs of 
GMR devices have been reversed by the method of this aspect of the invention. In this case a 
field of 200 kA/in and a heating curr^t of several tens of mA is used. This demonstration 
also proves that it is possible to reorient iocaljy, i.e. reorienting one element without 
reorienting a neighboring element. The advantages of applying the method of this aspect of 
the invention include; 

- Enabling the realization of GMR or TMR devices comprising multiple exchange-biasing 
directions with only a single deposition step; 

- Applicable for materials with robust exchange-biasing characteristics; 

- Full Wheatstone-bridge conlBgoration are possible; 

- No integrated conductors for setting the magnetization directions (requiring several extra 
processing steps) are needed, tlius a more simple processing is achieved. 

- This method poses no strict Hmit to (he smaUesi dimensions in the structure of the sensing 
system; 

- Elements belonging to different bridge branches can be distributed altematingly over the 
system; 

This metiiod can easUy be combined with a testing step in die manufactuiing process; 

- Provides a method to reset or repair magnetization directions in sensoi^, read elements 
and MRAMs after production; 

- The method cm be used even in finished (packaged) systems or devices. 

According to a fourth aspect of the method in accordance wi* the invention, 
in a first deposition step a first feironiagnetic layer of one of the two opposite devices, of the 
sensing systeni is deposited, during which deposition in a magnetic field is applied to pin the 
magnetization direction in the first ferromagnetic Isyer va a first direction, after which in a 
second deposition step a second ferrciHjagneiic layer of the other of the two said devices is 
deposited, daring which deposition a magnetic field is applied to pin the magnetization 
direction in the second ferromagnetic layer in a second direction different from, preferably 
opposite to the magnetization direction in the first ferromagnetic layer. 
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In an embocament of the inventioH the at least iwo piniied ferromagnetic layer 
are fatmcated in at least 2 separate deposition steps, and during the dqposition steps a 
magnetic field is generated by which opposite magnetic directions are imparted to the said 
pintied femjmagnetic layers. Preferably this is achieved by using ma^etic fields of opposing 

5 direction during the first and second deposition step. Compared to metibods in which 
magnetic fields are used with the same direction bot in which the position of the device is 
changed such methods ms simpier. 

Pi-eferabiy the magnetic field that is applied during the second deposition has a 
direction different from, preferably opposite from the dii-ection of the field applied during the 

10 first deposition, while the position of the device during deposition is the same. Altemativeiy, 
but less favored, the magnetic field applied during deposition is the same, but the position of 
the device is changed between depositions to effect the same rcsult. Although the method is 
applicable for manufacturing a sensing system having for example a half-Wheatstone bridge 
arrangemait it is of importance also for a syste»n having four bridge devices in a Wheatstonc 

15 bridge airangesment. 

Figure 3 shows schematically a top view of a device made in accojcdance with 
the method of the fourth aspect of the iaventioa. 

The embodiment shown in figure 3 comprises four bridges demes 31, 32, 33 
and 34 in a Wheatstone bridge arrangement. Each of ihese devices comprises a free 

20 fenomagnetic layer and a pinned ferromagnetic layer separated by a separation layer. The 
magnetic direction in each of the pinned layers of the respective elements is in figure 1 
indicated by an airovv. Adjacent elements (within the Wheatstone bridge arrangeannent) have 
' opposite magnetic directions for pinned layers. 

For example, a bridge stractaie as shown in figure 3 can be realized as 

25 follows. First a GMR film is deposited on a substrate while a magnetic field is applied in the 
downward direction (at least during deposition of the pinned layer, fcs: the firee layer the field 
may be rotated over 90* to reduce hysteris). Using iitihograj*tic techniques elements (31) and 
(34) am defined and fabricated out of this film. After that, a GMR film is deposited for the 
second time, but now the field is applied in the upward direction. This film is patterned into 

30 the elements (32) and (33). Finally contact leads can be added in a third li^ographic step. In 
this method it is preferred that the QMR films of both depositions have the same 
magnetoresistive properties. Fig, 4 shows the equivalent diagram of a Wheatstone bridge, 
having magnetoresistive sensor devices (41, 42, 43, 44) in accordance with t!ie invention, and 
a current soorce 1 for a cmient 1^ connected to the terminals 46 and 47. The output voltage 
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VI - V2 is present across the terminals 48 and 49. The bridge can be operated by voltage 
control <H* cun^nt control. In comparison with voltage control, the con«nt control shown here 
offers the advantage that a decrease of the output voltage VI - V2 in the event of an 
increasing temperatures due to a decrease of the relative magnetorcsisiivc effect, is aptly 
5 compensated for by an increase of the absolute value of the magnetoresistivc elements 41, 42, 
43 and 44 in the bridge which is caused by a positive temperature coefficient of the resistive 
materiaL Fig, 5 shows the construction of a part of a magnetoi-esistive sensor device as can be 
used according to the invention. Airow Mp in Fig. 5 denotes the direction of ttie anisotropy 
axis of free fenomagnetic layer F and an anow Mp denotes the ditection of the magnetization 

10 of pinned ferromagnetic layer P. Layers F and P are separ^ed by a non-fenomagnetic layer 
L. The element is provided on a sul^trate S. An arrow 56 denotes the component of a 
magnetic field H to be measured which is directed parallel to the magaetization dii^ctiOQ of 
the second layer P. In the magnetoresisttve device 41, 42, 43 and 44 the easy magnetization 
direction of the sensitive ferroma^etic material of the layer F extends substantially 

15 perpendicuiarly to the magnetization direction of the ferromagnetic layer P. During the 

manufacture of the sensor devices the magnetization directions of the ferromagnetic layers (F 
and P) are laid down so that two eiemersts in two adjacent (in the eiectrical scheme) branches 
of the bridge exhibit an opposed sensitivity to externa] magnetic fieids. The layers may be 
deposited by various known method such as by spatter deposition, MBE (Molecular Beam 

20 Epitaxy), or ion beam deposition. During deposition a magnetic field is applied wldch 
determines the magnetic direction of the layer. Moreover, in each magnetoresistive sensor 
element the magnetization of a feiiomapietic layer F is adjusted substantially 
perpentficalariy to the magnetization direction of the other feiromagtwtic layer P. As a result 
of these steps it is achieved that auxiUary fieids are no Itmger required for the measurement 

25 of small ma^etic fieids, that the sensor is substantially free of hysteresis and that it has an 
enhanced linearity. 

Ilje free layer may be a single CoFe layer, or a plurality of subiaj'ers (e.g. 
CoFe + NiFs, CoFe + NiFe + CoFe, etc.) Instead of CoFe, Co or CoNlFe may be used, but if 
CoNiFe is used, it should preferably not be contiguous wiJfa the Cu spacer layer. An AAP 

30 may be used and may comprise a pluraii ly of feixoraagnetie and non-ma^etic layers. Each 
ferromagnetic pinned layer may be composed as described wife respect to the free layer. The 
device may comprise a combination of two pinned ferroma^etic layers and a free 
fmomagnetic layer. ITie device can also be used as a data storage cell An angle set between 
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the magnetization directions of the free and the pinnedl layer is representative for e-g. a "0" or 
a " I ". The <lata content can be read out by measuring the resistance of the memory cell 

Figure 6 schematically shows an embodiment in wlwch two Wheatstone 
bridges 60 and 69 am made. The magnetization directions of tlie pinned layers 61% 62*, 
5 63'and 64' in Wheatstone bridge 69 arc oriented under an angle of 90** to the coixesponding 
elements in Wheatstone bridge 60. Such an arrangeinent can for instance be advantageously 
used to measure rotating magnetic fields. The signals VI-V2 and Vr-V2* will enable to 
measure the magnitude as well as the angle (orientation) of the magnetic field to be 
measured. If the field to be measured has a magnjtude so strong that the directions of the 
10 magnetization of the free layers follow the direction of the magnetic field to be measured, the 
signals are a measure of the orientation of the magnetic field independent of the strength of 
the magnetic field. Using two Wheatstone bridges in which the magnetization diiections in 
corresponding elements fotm an angle to each otiber, preferably, but not restricted, to 90** 
enables to measure the direction of the magnetic field over the fuii 360** range. In all 
15 examples the directions of ma^etization or of anisotropic axes are indicated as lying in the 
plane of the films and being substantially opposite to each other (at least within one 
Wheatstone bridge anangement). Although such methods and atmngements are prefsrpsd and 
advantageous, the invention, in its broadest sense, comprises methods in which the 
magnetization directions ms different, which includes at angles different from ISO*, for 
20 instance 90**, Also the diiections need not have to be in the plane of ^e layers, they may be or 
have a component transverse to the iay^s. 

The following advantages of systems manufactured according to thb aspect of 
the invention include: 

Also applicable for materials m&i robust exchange-biasing; 
25 Full Wheatstone-^aidge configuration are possible; 

No integrated conductors for setting the magnetization directions (requiring 
several extra processing steps) are needed; 

The nae^od places no limit on the smallest dimensions in the sensing system; 

Elements belonging to different bridge branches can be distributed 
30 altematingly over the system; 

Possibility to stack elemems on lop of each other (with isolation in between), 
thus reducing the total system area by a factor of 2 and improving tlie performance of the 
bridge (due to smaller influences of temperatjure or field gra<£ients); 
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Altamatively eJements can be positioned at both sides of the substrate on 
which the system is built. 

Hie possibility to stack devices is schematically shown in figure 7. The bridge 
elements 71 and 72 are stacked on top of each other , the magnetization directions ^-IP, MP" 
5 of the pinned layers P in elements 71 and 72 ara of opposite direction. 

Figm-e 8 shows the layout of a sensing system according to an embodiment of 
the invention with a contact area inbetween the devices of the system. 
Figure 8 shows a layout ctf a sensing system with four meander-shaped OMR devices located 
on opposite sides of the four contact pads (86). One meander strip is fomring one element of 

10 the Wheatstone bridge. The pads are lined up to provide maximum separation between the 
two pairs of devices of the Whcatstone bridge while making efficient use of the total area of 
the substmte (a single chip). The contact pads are typically about lOOxlOCHun^ with a spacing 
of 50 ^ra. The separation between the devices is therefor about 600 jim which is about the 
thickness of a Si wafer (80) which can be used as a substrate. This thickness is relevant since 

1 5 the bias magnets that can be used to create a magnetic field while depositing the device, have 
to be positioned behind the substrate. Therefor, the substrate thickness sets a minimuim length 
scale over which the direction of a magnetic bias field can be changed. If necessary, the Si 
wafer can be ^tided before deposition to reduce the substrate thickness. The width of a 
single element meander can be about 75 ptm which is sufficient to structure 7 strips of 5 jtm 

20 with 10 ym period. Combined with a strip lemgth of 300 pm this should give a bridge 
resistance of over 4 IsQ. which is sofRciently large. In an alternate embodiment, tiie 
separation between the GMR-devices can also be used for flux guide stmctures or for 
integrated circuit vsrith signal processing functionality made in the Si substrate. 

Figure 9 schematically shows 14 sensors aligned next to each other on a wafer 

25 together witii the required magnetic fieM directions during deposition of the devices. The 
lengths It and I2 define the required length scale over which the magnetic field has to change 
direction. 

Ttoe local field direction during deposiUon of the device is indicated by the 
horizontal anrows (90). 

30 A deposition holder according to tise fourth aspect of tiie invention is shown 

in fi^e I2a and 12b which show a side view of a deposition holder for a substrate (120) 
fcff depositing magnetic devices on said substrate. The hoid^con^ns magnetic elements for 
applying an external magnetic fieid that hs& at least om magnetic characteristic tiiat is 
position dependent over said substrate (120), Tlie magnetic elements are peamanotit magnets 
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or electromagaets (127) that in figure 12a are alternated with soft tnagnetic flux guide pieces 
(128) . In figme 12b, a soft magnetic backing plate (129) is provided on the deposition 
holder. The flux Knes of the external tnagnetic field tiiat is generated by the permanent 
maptcts or electromagnets (127) are shown by the curved lines. The deposition holders 
give rise to an alternating magnetic field at the top side of the substrate (120). Both 
deposition holders basically give the same magnetic field pattern. The magnetic field at: 
raaximum strength is of order of 16 kA/m or higher. 

Figure 13 shows a top-view and a side-view of a deposition holder of a 
substrate (1 30) for depositing ma^etic devices on said substrate (130). The deposition 
holder is suited for depositing a double GMR Wheatstone bridge. The holder contains 
magnetic elements for ai^lying an external magnetic field that has at least one magnetic 
characteristic that is position dependent over said substrate. The magnetic elements are 
pennanem magnets or electromagnets (137) and has a soft magnetic backing plate (139) is 
piovided on the deposition holder. The flux lines of the external magnetic field that is 
generated by the pennan«it magnets oa: electromagnets (127) is shown by the curved lines in 
the side view and by the strai^t lines in the top view figuic. 
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L A sensing system of a magnetic characteristic, said system including a set of 

magnetic devices in a balancing configuration and essentially each of said devices 
comprising a structure of layers includitig at least a first ferromagnetic layer and a second 
ferromagnetic layer with at least a separation layer of a non-magnetic material therebetween, 
5 said stmctuiB having at least a magneto resistance effect, and whemin the magnetization 
direction of the first ferromagnetic layer of at least one of said devices is irreversible in an 
external magnetic field with a value that is higher than about 35 kA/m. 

2. The sensing system as recited in claim 1 wherein the magnetization direction 
10 of the first ferromagnetic layer of at least one of said devices is ineversible at room 

temperature. 

3. The sensing system as recited in claim 1 wherein at least one of said devices is 
ineversible in an external magnetic field with a value in a range of about 40 kAfm to about 

1 5 200 MA/m, preferably in a range of 40 jkA/m to about 2 MA/m, 

4. The sensing system as recited in claim 1 wherein at least one of said devices 
includes an AAF-stmcture. 

20 5. The sensing system as recited in claim 4 wherein said first ferromagnetic la>'er 

comprises an AAF-stracture, and an exch;inge biasmg layer, preferably made of IrMn, Felvfn, 
NiMn, PtMn or NiO type material, said exchange biasing layer being adjacent to, and in 
contact with, the AAF-structoie. 

25 6. The sensing system as recited in claim I having at least two magnetic devices 

being positioned in a grouped configuration with a contact area between the groups md with 
the magnetization direction of the fmt ferromagnetic layer being substantially opposite for 
the devices of tbe different groups and being aibstantlally identical for the devices of the 
same group. 
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7. The sensing system as recited in claim 1 having at least two magnetic devices 

being positioned in a grouped configuration with a first group of devices with substantialJy 
the same magnetiz^ion direction of the fiist feiromapietic lajnsr of ^e devices under an 
5 angle of about 90 degrees with a second group of devices, the second group of devices 

having the first ferromagnctie layer with substantially the same magnetizaticKn direction bnt 
under an angle of about 90 degrees with respect to the magnetizMion direction of the first 
ferromagnetic layer of the first group of devices. 

10 8. A data storage system comprising ai ieast oi\e magnetic device in a celj 

configuration and said device comprising a structure of layers including at least a first 
ferromagnetic layer and a second ferromagnetic layer with at ieast a separation layer of a 
non-magnetic material theiBbetween, said stractore having at least a magneto resistance 
effect, and wherein the magnetization direction of the fiist fsnromagnetic layer of at least one 

15 of said devices is irreversible in an external magnetic field higher titian about 35 kA/m , 

9. A method of manufacturing a sensing system of a magnetic characteristic, said 
system including a set of magnetic devices in a balancing configaratioa and essentially each 
of said devices comprising a structure of layers including at least a first fenromapetic layer 

20 and a second feixomagnetic layer with at least a separation layer of a non-magnetic material 
therebetween, said structure having at least a magneto resistance effect, the method 
comprising the step of heating pan of the system comprising at ieast one of the devices of 
said set while applying an external magnetic field over at least part of said system, said part 
including said at least one device. 

25 

10. The method as recited in claim 9 wherein one of the devices of said set is 
heated, preferably by applying a current pulse or a laser pulse on the device. 

1 1. The method incited in claim 9 wherein said at least one device is heai^ to a 
30 teropmtui* in the range of about 50 to about SCO* C, preferably in the range of about iOO to 

about 600*^ C and wherein said external magnetic field has a value in the range of about 35 
kA to about 200 MA/m, 



wo (10/79298 PCr/EIW0S605 
24 

12. The method as recited in claim 9 wherein two of the devices of said set are 
heated to a different tempemture value. 

13. The method as recited in claim 9 whensin said externa! maj^etic field over at 
5 least part of said system is alternating over said system. 

14. The method as recited in claim 9 vvheiein after the execution of tlie steps, die 
first ferromagnetic iayer of said at least one device has a magnetization direction that is 
correlated to the diiection of said external magnetic fieid 

10 

15. The method as recited in claim 14 wherein the magnetization direction of the 
first ferromagnetic layer of said at least one device is irreversible in an external niagnctic 
field higher than about 35 kA/m, 

15 16. A mediod of manufacturing a sensing system of a magnetic chsffacteristic, said 

system including a set of magnetic devices in a balancing configuration aiid essentially each 
of said devices comprising a structure of layers including at least a first ferromagnetic layer 
and a second ferromagnetic layer wUh at least a separation layer of a non-magnetic material 
therebetween, said struciure having at least a magneto resistance effect , the method 

20 comprising the steps of ; 

depositing said structure of layers of at least one of said devices on a substrate ; 
while applying at least during a time part of the deposition step an external magnetic field 
over at least part of said substrate, said external magnetic field having at le^t one 
characteristic that is p<»ition dependent over said substrate. 

25 

17. The method as tecited in claim 16 wherein said characteristic includes the 

magnitude and/or the magnetization direction of said mapetic field. 



30 



18. The method as recited in claim 1 5 f tuther comprfsisg tihe step of holding said 

substrate in a deposition hold^* while depositing said stmctHte of layeis, said holder 
containing magnetic elements for applying said ext«anal magnetic field. 
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19. The mefljod as recited in claim 15 whesBin after the execution of the steps, the 

first fenomagnettc layer of said at ieast one device has a magnetiEatjon direction that is 
correlated to the direction of said external magnetic field. 

5 20. The method tt& recited in claim 15 wherein after the execution of the steps, the 

magnetization direction of the first ferromagnetic layer of at ieast one of said devices is 
irreversible in an exteraai magnetic field higher than about 35 kA/m 

2 1 . The method as reci ted i n c1 aim 1 5 further comprising the step of heating said 
10 substrate while applying said exteraai magnetic field over said substrate, 

22. A method of manufacturing a sensing system of a magnetic characteristic, said 
system including a set of magnetic devices in a balancing configuration and essentially each 
of said devices comprising a structure of layers including at least a first fennHnagpetic layer 

15 and a second ferromagnetic layer with at least a separation layer of a non-ma^etic materia 
therebetween, said structure having at least a magneto resistance effect , the method 
comprising the steps of : 

depositing a first ferromagnetic layer of at least a first device of said set while 
applying a magnetic field to pin the magnetization direction in the first ferromagnetic layer of 

20 said first direction of a first direction ; and 

thereafter depositing a first ferromagnetic layer of at ieast a second device of 
said set while applying a magnetic field to pin the magnetization direction of the first 
ferromagnetic layer of said second device in a second direction different from the 
magnetization direction in die first fexromagnettc layer. 

25 

23. The method as recited in claim 22 wherein magnetic fields of opposing 
directicm are applied doting the first and the second deposition step. 

24. The method as recited in claim 22. wherein said set of magnetic devices in a 
30 balancing configuration tnclndes two fuO Wheatstone bridge arrangements, the magnetization 

directions in corresponding devices of the Wheatstone bridges being pinned at different 

angles. 
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25. The method as recited in claim 22 at least two of the devices are stacked one 
on top of the other. 

26. A dspositioa holder of a sabstrate for depositing a structure of layenj on said 
5 substrate, said holder contaimng elements for applying an extendi magnetic field over at 

least part of said substrate, said extemal magiK;tic field having at least one magnetic 
characteristic that is posiiion depenctent over said sabstrate. 

27. The deposition holder as recited in claim 26 further comprising a heating 

10 element for heating at least part of said substrate while applying said external mag^ietic field 
over said substrate. 

28. The deposition holder as recited in claim 26 wherein said characteristic 
includes the magnitude and/or the magnetisation direction of said magnetic field. 

15 

29. The deposition holder as recited in claim 26 further comprising magnetic 
elements for applying said external ma^etic field. 

30. A method of operating a magnetic system, said system including a set of 
20 magnetic devices and essentially each of said devices comprising a stnicture of layers 

including at least a first ferroma^^dc layer and a second ferromagnetic layer with at least a 
separation layer of a non-magnetic material therebetween, said structure having at least a 
magneto resistance effect, the method comprising the step of altcjcnating at least one of &e 
magnetic characteristics of at least one of the devices of said set by heating part of said 
25 sj^tem comfHising said at least one device of said set while applying m external magnetic 
6etd over at least part of sadd system, the paart including said at least one device. 

31 . A method of resetting or repairing or changing a magnetic system, said system 
including a set of magnetic devices and essentially each of said devices comprising a 

30 structure of layers including at least a first icrromagnetic layer and a second ferromagnetic 
layer with at least a separation layer of a non-magnetic mstteriai tberebetwccnj said structure 
having at least a ma^eto resistance effect, the method comprising the mp of ^temating at 
least one of the mapetic characteristics of at least one of the devices of said set by heating 
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part of tiiie system iacMng said at least one device of said set white applying an external 
magnetic field over at least part of said system, the part inclading said at least one device, 

32. A method of maaufacturieg a sensing system of a magnetic characteristic, the 

5 system inciuding a set of magnetic devices in a balancing configuration and essentially each 
of said devices comprises a stmcture of layers including at least a Urn fmomagnetic layer 
and a second fctmmagnetic layer with at least a separation layer of a non-raagnetic matesrial 
therebetween, said stntcture having at least a magneto resistance effect, the method 
comprising the steps of : 
10 depositing a first ferromagneuc layer of said set of devices, said first 

ferromagnetic layer being part of an A.\F-stnicture ; 

thereafter orienting said first ferromagnetic layer of said set of devices ; 

and thereafiter depositing the other layers of the AAF-structurc and said 
separation layer and said second fetmmagnetic layer. 
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1. Clatnis: 1-25,30-32 

A systaii for sensing magnetic characteristics with following 
technical features: a set of magnetoresistant devices in a 
balancing configuration with each of the devices having a 
multilayer structure. The raagnetization for one layer of at 
least one device is irreversible in an external saagnetic 
field that is higher than 35kA/na. 



2. Claims: 26-29 

A deposition holder for depositing a structure of layers on 
a substrate with elements applying an external mgnetic 
field having at least one magnetic characteristic that is 
position dependent over the structure. 
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